The generally accepted concept that metabolic acidosis in infant diarrhea results from the loss of buffer base in the stool has been based on the common observation that inorganic cations predominate over inorganic anions in diarrheal stools (1) (2) (3) (4) (5) . This predominant loss of inorganic cations has been taken as evidence of loss of bicarbonate. On the other hand, Teree, Mirabal-Font, Ortiz, and Wallace (6) have shown by direct measurements that the pH of the stool water in infant diarrhea is frequently acidic (almost always below the pH of the blood) and that HCO3-is very low or absent. On the basis of the observed differences between Na+ + Ki and Cl-, these authors have suggested that there is a high concentration of organic anions in diarrheal stools of infants and have advanced several hypotheses to explain the origin of these substances (7).
The generally accepted concept that metabolic acidosis in infant diarrhea results from the loss of buffer base in the stool has been based on the common observation that inorganic cations predominate over inorganic anions in diarrheal stools (1) (2) (3) (4) (5) . This predominant loss of inorganic cations has been taken as evidence of loss of bicarbonate. On the other hand, Teree, Mirabal-Font, Ortiz, and Wallace (6) have shown by direct measurements that the pH of the stool water in infant diarrhea is frequently acidic (almost always below the pH of the blood) and that HCO3-is very low or absent. On the basis of the observed differences between Na+ + Ki and Cl-, these authors have suggested that there is a high concentration of organic anions in diarrheal stools of infants and have advanced several hypotheses to explain the origin of these substances (7) .
The effect of fecal loss of organic anion on acidbase balance will depend upon several factors. These include the origin of the organic anions (i.e., whether ingested preformed, or generated within the body) and the nature of, the cations accompanying them (8) . Those organic acids generated in the intestinal lumen or elsewhere in the body change the H+ concentration of the body fluids, depending upon the degree of ionization of the acids (6) and the nature of the cations (organic or inorganic) neutralizing the dissociated acids in the stool. Loss of organic anions formed within the body in excess of organic cations isolates He in the body fluids.
Thus it would appear that knowledge of the organic acid content of the stool and of the possible sources of these acids might shed some light on the pathogenesis of metabolic acidosis in diarrheal disease. Furthermore, if protons are released in the body because of loss of organic anions in the stool, the net effect on blood acid-base equilibrium will depend on the efficiency of the renal acidification mechanism and possibly on the action of other extrarenal mechanisms (9, 10) . Although renal excretion of acid has been studied during recovery from diarrheal dehydration (11, 12) , no similar data during development of acidosis are available.
In the present study, we have attempted to reproduce in a group of infants with acute diarrhea the conditions under which systemic acidosis usually ensues in that disease. By this means changes in stool composition could be studied, and the influence of milk intake on the composition of the stools and on the acid-base equilibrium could be assessed and compared with similar observations during fasting and intravenous therapy. In addition, specific challenges with individual sugars were provided to some patients, and the changes induced in stool composition were studied.
Methods
Relevant clinical information about the 13 infants who were the subjects of this study is summarized in Table I (20) . Total carbohydrate in the feces was determined by the anthrone reaction (21) . The individual sugars were subsequently identified by paper chromatography (22) . Fructose' in the feces was measured by the method of Roe, Epstein, and Goldstein (23). sulbsequelitly to become negligible during fasting.
Results
During the second 12-hour period (Table II) milk ingestion was discontinued. 24) and increased rapidly toward the end of the study. Although the osmotic activity of organic anions and unmeasured cations could not be accurately assessed, the measured osmolalities during the feeding periods were higher than would have been predicted from the electrical neutrality diagrams. OA = organic acids. Figure 4 . In one of these infants (CRM, Patient 7) the changes were striking. This infant had a marked respiratory alkalosis during the study, so that the findings must be interpreted with caution. Figure 5 gives the organic acid titration curves in stool water at the beginning and end of the feeding period and after intravenous therapy in CRM. The specific sugars recovered' from stools and identified by chromatography were those ingested or their derivatives. Administration of fructose to one infant (JMR) was followed by the excretion in the feces of an almost equivalent amount of this sugar. In the other patients, however, only 5 to 21 % of the ingested sugar was recovered as total sugar in the stool. The increase in blood sugar in response to the administered carbohydrate was variable. As seen in Figure 6 , increase in the concentration of fecal sugar was invariably accompanied by a fall in stool pH and rise in the concentrations of lactic and organic acids. The fecal excretion of carbohydrate increased progressively to reach a peak and subsequently returned to the initial values. Similar curves were obtained for stool acidity and lactic and organic acids. Attempts were made to compare this response of infants with diarrheal disease with that of healthy infants after similar loads, but during fasting; the latter passed only very scanty stools, if any, which were not suitable for analysis. Preliminary observations were also made, on the carbohydrate content of the feces in newborn 'infants receiving evaporated milk formulas. The 24-hour carbohydrate excretion was usually under 100 mg and never surpassed 200 mg. This seems to agree with the findings of Ford and Howarth (24) .
Discussion
The present observations indicate conclusively that the acidity of the feces in infant diarrhea is determined by the presence in the voluminous stool of large amounts of lactic acid and other organic acids of pKa below that of bicarbonate. Lactate concentration in the stools was initially high in those infants with severe diarrhea who had not been fasting, and was found to increase progressively with milk ingestion in two other infants who had previously been fasting. This pattern was reversed soon after milk intake was stopped and intravenous therapy started. Under these circumstances, the appearance of bicarbonate in the stools suggests that this ion had been initially neutralized by the generation of stronger acids. A definite explanation of the source of these organic acids cannot be offered, but the following hypothesis is suggested. If proximal absorption of carbohydrate were impaired to some degree during the acute stage of infant diarrhea, the resulting large supply of these substances to distal segments of the bowel might cause overproduction of lactic acid and other organic acids, most probably as a consequence of bacterial anaerobic metabolism.-Some support for this thesis is lent by observations of others that are mentioned below, as well as by the response to the oral sugar loading in four of our patients.
Increased stool acidity due to production of large quantities of organic acids (lactic, formic, acetic, isobutyric) has been reported in patients with chronic diarrhea due to lack of specific disaccharide-splitting enzymes (25) . Blood acid-base parameters in these patients were not reported, so that it is not known whether they had systemic acidosis. It was observed that acidification of the stools was initially determined by increased production of acetic acid. The resultant lowering of the pH stimulated the proliferation of lactic acidforming bacteria.
Disaccharidase deficiencies are known to occur as a temporary abnormality in infants with prolonged diarrhea (26) (27) (28) . A recent report has demonstrated the inability of children with protein and calorie malnutrition to absorb lactose, with a rapid decline of the lactic acid of the stools after a carbohydrate-free diet (29) . Production of organic acids by intestinal bacteria has been clearly shown to play a role in the development of diarrhea and acidosis in sheep when continuously fed with wheat (30, 31) .
The changes in stool volume and composition that followed a single oral dose of sugar in four of our patients were qualitatively similar to those observed with milk ingestion. In addition, a large proportion of the sugar administered was recovered in the feces. However, this only proves that the unabsorbed carbohydrate increases stool output and the water content of the feces by some as yet unknown mechanism. Whether the accompanying changes in composition emerge directly from the metabolism of these substances in the intestinal lumen or within the mucosal cells, or indirectly as a consequence of the disturbance produced in intestinal function, remains undetermined. Wrong and associates have recently found by their method of in vivo dialysis of the colonic contents that the concentration of organic anions in the fecal dialysates of normal adult subjects is very high (mean, 179 mEq per L) (32) . Our data show that the average concentration of these substances in the liquid phase of diarrheal stools during milk feeding was lower (100 mEq per L), but the total excretion was relatively high in these infants because of the large stool volumes. The lactic acid content of the stools in infant diarrhea appears to be much greater than in normal stools of adults (32) . Nevertheless, the present observations do not exclude the possibility that carbohydrates, through their action on stool volume, exert a sweeping effect on acids secreted and normally reabsorbed at different segments of the bowel.
Milk administration during the development of diarrhea generally had a deleterious effect on acidbase equilibrium. A severe metabolic acidosis developed simultaneously with marked increments in stool output and excretion of organic anion. Analysis of the milk revealed that equivalent amounts of these anions had not been ingested preformed. Thus, it must be assumed that these compounds were largely generated within the body, i.e., in the intestinal tract or endogenously. Inasmuch as the organic acids were excreted in the feces largely as neutralized dissociated salts it seems reasonable to conclude that their production contributed to the metabolic acidosis.
The renal excretion of H+ was entirely inadequate for the observed degree of systemic acidosis and did not change appreciably with fluid replacement and increasing urine volume, suggesting that failure of renal compensation during periods of increasing acid loads to the body plays an important role in the systemic acid-base disturbance of diarrheal disease.
Summary
The composition of serum, urine, and stool water was studied in nine infants with diarrhea during consecutive periods of milk feeding and intravenous therapy. The effect of oral loads of monosaccharides and disaccharides on stool pH and content of carbohydrate, lactate, and total organic acids was studied in four additional infants recovering from diarrhea.
During milk administration the stools were very abundant, markedly acidic, and contained large quantities of lactate and other organic acids of low pKa. All these parameters decreased markedly with fasting. The oral administration of sugar loads was followed by increasing fecal excretion of carbohydrate and by compositional changes qualitatively identical to those observed after ingestion of milk.
These observations suggest that the high content of lactate and other organic anions in diarrheal stools of infants is related to carbohydrate ingestion. Increased fecal excretion of endogenously produced organic acid anions in their neutralized, dissociated form probably plays an important role in the genesis of the metabolic acidosis in this condition.
